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© A micropump (1) which is reciprocatingly driven 
by a membrane (18) into subsequent outwards and 
inwards bulging movements, in response to the ap- 
plication of an excitation voltage to a piezoelectric 
microactuator 9. The application of the excitation 
voltage follows a wave form which includes rapidly 
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ascending ramps which produce rapid decrease of 
the volume of the pump chamber, and slowly de- 
scending ramps which produce sufficiently moderate 
rates of increase of the volume of the pump cham- 
ber in order to avoid microcavitation. 
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The present invention relates to a micropump 
comprising a structural intermediate member, 
which is at least partially sandwiched between an 
upper plate and a lower support plate, at least one 
of said upper plate and structural member forming 
a membrane, which structural member defines at 
least one valve element and a pump chamber, said 
membrane closing said pump chamber and earring 
a microactuator susceptible of causing said mem- 
brane to carry out a reciprocating outwards and 
inwards bulging in response to an excitation volt- 
age applied to said microactuator from a control 
unit for said actuator, wherein the outwards and 
inwards bulging movements of said membrane in- 
crease and decrease respectively the volume of 
said pump chamber and are controlled by the 
variation of said excitation voltage which comprises 
an ascending ramp for one of the thrust phase or 
the suction phase of the micropump and a de- 
scending ramp for the other one of said two 
phases. 

In an article published in "Sensors and Ac- 
tuators, 15 (1988) 153-167" the article entitled "A 
piezoelectric micropump based on micromachining 
of silicon" of H.T.G. van Lintel, F.C.M. van de Pol 
and S. Bouwstra describes a micropump which is 
produced by micromachining of silicon and which 
comprises an inlet valve, an outlet valve, and a 
pump chamber which is closed by a glass mem- 
brane which carries a piezoelectric disc. This pi- 
ezoelectric disc is capable of bending the mem- 
brane upwards and downwards in response to an 
applied excitation voltage, and creates thus a 
pumping effect within the pump chamber. 

The electrical control of a piezoelectric actuator 
of micropumps is traditionally carried out in a way 
such as illustrated in Fig. 2 of British patent ap- 
plication 1 344 754, which describes a reciprocat- 
ing pump. According to Fig. 2 of this British patent 
application, the ascending and the descending 
ramps of the pump control current are symmetric 
and this type of pump control has hitherto been 
used also for micropumps. 

According to the specific geometrical configu- 
ration of a micropump as well as to material param- 
eters, it has been advantageous to apply an as- 
cending ramp of considerable steepness, in order 
to rapidly open the outlet valve during the decrease 
of the volume of the pump chamber in response to 
the application of an ascending voltage to the pi- 
ezoelectric microactuator. 

After a predetermined holding time, the excita- 
tion voltage has been reduced at the same rate as 
it had been increased during the ascending ramp, 
and it has been found by the inventor of the 
present application that problems have occured 
during the operation of a micropump using de- 
scending ramps for the excitation voltages which 



have essentially the same steepness as the as- 
cending ramps, which problems are believed to be 
due to the occurrance of microcavitation following 
rapid expansion of the volume of the pump cham- 

5 ber at the beginning of the suction phase. 

It is the object of the present invention to 
provide a micropump which avoids the above prob- 
lem of microcavitation during the increase of the 
volume of the pump chamber, and this object is 

io met according to the present invention by a micro- 
pump such as described hereabove which is fur- 
ther characterized in that the voltage variation of 
the descending ramp is selected such as to pro- 
duce an outwards bulging of the membrane for the 

75 starting of the suction phase which is sufficiently 
moderate in order to avoid microcavitation. 

According to an embodiment of the present 
invention the pump frequency is between approxi- 
mately 1 and 10 Hz, the ascending ramp of the 

20 excitation voltage may last about one ms and the 
descending ramp may last at least 10 ms. 

According to a particular embodiment of the 
present invention the descending ramp has a linear 
shape starting from the end of the holding phase 

25 during which the voltage is kept at maximum level, 
until the beginning of the next following ascending 
ramp. 

In another embodiment of the present invention 
the descending ramp is linear and shorter than the 
30 time period between the end of the holding phase 
and the beginning of the next following ascending 
ramp. 

In an alternative embodiment of the present 
invention the descending ramp follows an exponen- 
35 tial or otherwise non-linearly decaying curve. 

The maximum excitation voltage which is main- 
tained during the holding phase is typically be- 
tween 100 V and 150 V. 

Further the present invention relates to a meth- 
40 od of operating a micropump having a pump cham- 
ber which is closed by a pump membrane, which 
membrane is driven by a piezoelectric microac- 
tuator, whereby this method is characterized by the 
following steps: 
45 - providing a micropump and a controllable 
voltage source; 

- applying voltage from said voltage source to 
said piezoelectric microactuator whereby said 
applied voltage comprises alternating rapidly 

so ascending ramps and slower descending 

ramps such as to; 

- rapidly decrease the volume of said pump 
chamber in response to said rapidly ascend- 
ing ramps; and 

55 - sufficiently slowly increase the volume of said 
pump chamber in response to said slowly 
decreasing ramps in order to avoid micro- 
cavitation. 
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Typically in a micropump according to the 
present invention ascending ramps last about 1 ms 
and descending ramps last about 10 to 100 ms. 

The present invention will now be described in 
more detail with reference to the drawings, where- 
by 

Fig. 1 illustrates schematically a micropump in a 
non-operating condition, 

Fig. 2 illustrates the same micropump in a con- 
dition corresponding to a point of time just after 
the beginning of a thrust phase, 
Fig. 3 illustrates the same micropump at a con- 
dition approximately at the end of a suction 
phase, 

Fig. 4a illustrates a wave form for the excitation 
voltage of the piezoelectric microactuator ac- 
cording to the prior art, and 
Fig. 4b illustrates a wave form for the excitation 
voltage of a piezoelectric microactuator of a 
micropump according to the present invention. 

With reference to Fig. 1, reference number 1 
designates a micropump comprising a glass sup- 
port body 4, a glass membrane 2 and sandwiched 
therebetween a silicon wafer 3, which has been 
machined by any appropriate technique such as 
photo lithography and etching in order to obtain a 
structure such as indicated in Fig. 1 in very simpli- 
fied fashion. 

The structure of the micropump of Fig. 1 is of 
course only an example, it being understood that 
the activation mode for a micropump according to 
the present invention is applicable to any other 
specifically structured micropump. 

Details of the exact configuration or surface 
treatment of portions of the silicon wafer are not 
subject of the present invention and are therefore 
not referred to nor represented. 

Further, micropump 1 comprises an inlet 6 and 
an outlet 5 for a liquid to be transported by the 
operation of the micropump, inlet 6 being provided 
with an inlet valve 7 and outlet 5 being provided 
with an outlet valve 8. 

Inlet and outlet valves 7 and 8 comprise mem- 
branes 11 and 12, which carry on their lower sur- 
face ring-shaped projections 13, 14 and 15, 16, 
which are located such as to surround the opening 
holes of inlet and outlet 6, 5 at the interface level 
between glass plate 4 and silicon wafer 3. 

Between inlet valve 7 and outlet valve 8, a 
pump chamber 10 is provided whereas the thick- 
ness of land 17 of the silicon wafer determines the 
volume of pump chamber 10. 

Glass membrane 2 comprises a central portion 
18 which carries a piezoelectric microactuator 9, 
which may be excited by an appropriate electric 
wave form in order to produce a periodically al- 
ternating contraction and expansion movement in a 
direction parallel to the plane of the membrane. 



Since the microactuator is intimately attached 
to the membrane, the two elements together ex- 
ecute a bending movement according to the princi- 
ple of a bimetallic strip, whereby the bending direc- 

5 tion depends on the polarity of the applied voltage. 

Figs. 2 and 3 illustrate the operation of the 
micropump according to Fig. 1, and like elements 
of the micropump according to Figs. 2 and 3 are 
therefore designated with the same reference num- 

w bers as in Fig. 1 . 

Upon application of the appropriate voltage, 
microactuator 9 executes a contraction movement 
and, together with glass plate 2, bends in a direc- 
tion such as to assume an upwards directed con- 

75 cave shape, and due to the maintenance of the 
side portions of glass plate 2 on the silicon wafer, 
membrane 18 of the glass plate bulges downwards 
such as to decrease the volume of the pump 
chamber 10. In a first phase of this downwards 

20 movement of center portion 18 of the glass plate 2, 
membrane 12 of outlet valve 8 bulges upwards in 
response to the pressure build-up within pump 
chamber 10 and annular projections 15, 16 are 
lifted from their seat on the upper surface of glass 

25 plate 4 in order to permit escape of the liquid 
contained within pump chamber 10 through outlet 
5. 

At the same time, the pressure in pump cham- 
ber 10 causes inlet valve 7 to remain closed such 

30 as to avoid any escape of liquid from pump cham- 
ber 10 through inlet 6. 

As will be seen from Fig. 2, microactuator 9 not 
only executes a bending movement but also a 
downwards movement due to the downwards bulg- 

35 ing of center portion 18 of the glass membrane 2, 
whereas the degree of this downwards movement 
of microactuator 9 is a measure for the decrease of 
the volume within pump chamber 10. 

Fig. 3 illustrates an operation phase of micro- 

40 pump 1 corresponding to the end of a suction 
stroke whereby microactuator 9 has been excited 
previously in order to assume, together with the 
glass plate 2, a configuration in which both ele- 
ments together form an upwards convex shape 

45 such that center portion 18 bulges upwards, due to 
the fact that glass membrane 2 is withheld at the 
side edges on silicon wafer 3. 

This upwards bulging of center portion 18 in- 
creases the volume of pump chamber 10 whereas 

so pressure within pump chamber 10 is reduced such 
as to open inlet valve 7, whereby membrane 1 1 is 
slightly bent upwards under the pressure of liquid 
entering through inlet 6, whereas annular projec- 
tions 13, 14 are lifted from their seat on the upper 

55 surface of glass plate 4 in order to permit liquid 
entering through inlet 6 to flow into pump chamber 
10. 
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Simultaneously, outlet valve 8 is maintained in 
its closed position. 

Pressure in chamber 21 which is located be- 
tween the membrane of outlet valve 8 and glass 
membrane 2 is maintained at a level between mini- 
mum and maximum pressure of the liquid within 
pump chamber 10, in order to secure that outlet 
valve will securely open if pressure in pump cham- 
ber 10 essentially exceeds the pressure in cham- 
ber 21 , and that the outlet valve is closed when the 
pressure in pump chamber 10 is essentially inferior 
to the pressure in chamber 21. Since a certain 
amount of pressure difference is required in order 
to overcome the pretension of the valve, this pres- 
sure difference has to be taken into account when 
regulating the pressure in chamber 21. 

The pressure in chamber 21 may be atmo- 
spheric pressure for applications where the liquid 
which enters into the micropump is maintained 
under atmospheric pressure and where, accord- 
ingly, the suction pressure of the micropump is 
slightly below and the thrust pressure of the micro- 
pump is slightly above atmospheric pressure, how- 
ever, the pressure in chamber 21 can be adapted 
to any desired value corresponding to the needs 
and the application of the micropump. 

Microactuator 9 and membrane 18 together in 
Fig. 3 do not only perform a bending movement in 
the indicated sense, but also an upwards move- 
ment in response to the upwards bulging of said 
two elements, and the degree of this upwards 
movement is an indication of the increase of the 
volume of pump chamber 10. 

During the upwards bulging of the microac- 
tuator 9 and the membrane 18, the volume of the 
pump chamber is increased and the pressure 
therein decreases accordingly in abrupt fashion if 
the excitation of the piezoelectric actuator is 
changed abruptly. Such rapid change of the pres- 
sure accompagnied by an increase of the volume 
results in a "boiling effect" of the liquid which is 
referred to as microcavitation. Gases which are 
dissolved in the liquid are suddenly set free in the 
form of microbubbles and hinder proper transporta- 
tion of the liquid through the micropump. 

Eventually, such microbubbles may form a 
large bubble through coalescence, which large 
bubble could bring the pump operation to a com- 
plete stop. 

Fig. 4a illustrates a typical wave form for the 
excitation voltage of a prior art piezoelectric ac- 
tuator for a micropump, whereby an ascending 
ramp 19 lasts approximately 1 ms, which is fol- 
lowed by a holding phase 22 at the end 24 of 
which begins the descending ramp 20 which lasts 
also approximately 1 ms. For the rest of the dura- 
tion of a pump cycle which lasts between 100 and 
1000 ms typically, the excitation voltage is kept at 



the lower level. 

Fig. 4b shows the wave form of the excitation 
voltage according to the present invention, whereby 
the ascending ramp 19 is followed by holding 
5 phase 22 in conventional manner, however the 
descending ramp 25 follows a slowly and linearly 
descending line from the end 24 of the holding 
phase 22 until the starting point 23 of the next 
ascending phase. 
10 The descending ramp according to Fig. 4b 

may last 10 to 100 ms depending on the entire 
duration of a pump cycle and on the duration of the 
holding phase 22. 

It is understood of course, that the descending 
75 ramp 25 need not be linear, but could also follow 
an exponential or other shape such as indicated by 
dashed line 25 f or according to a sinus function 
such as indicated by reference number 25". 

Also, the duration of the descending phase 
20 need not be as long as the difference between the 
end point 24 of holding phase 22 and the starting 
point 23 for the net ascending ramp, but could be 
shorter. However it must be sufficiently long in 
order to produce a moderately fast expansion of 
25 the volume of the pump chamber such as to reli- 
ably avoid the formation of microcavitation. 

Claims 

30 1. A micropump comprising a structural interme- 
diate member (3) which is at least partially 
sandwiched between an upper plate (2), and a 
lower support plate (4), at least one of said 
upper plate (2) and said structural member (3) 
35 forming a membrane (18), which structural 

member defines at least one valve element (7, 
8) and a pump chamber (10), said membrane 
(18) closing said pump chamber and carrying 
a microactuator (9) susceptible of causing said 
40 membrane to carry out a reciprocating out- 

wards and inwards bulging in response of an 
excitation voltage applied to said microactuator 
from a control unit for said actuator and 
wherein the outwards and inwards bulging 
45 movements of said membrane increase and 

decrease respectively the volume of said 
pump chamber 10 and are controlled by the 
variation of said excitation voltage which com- 
prises an ascending ramp for one of the thrust 
so phase or the suction phase of the micropump 

and a descending ramp for the other one of 
said two phases, characterized in that the volt- 
age variation of the descending ramp is se- 
lected such as to produce an outwards bulging 
55 of the membrane for the starting of the suction 

phase which is sufficiently moderated in order 
to avoid microcavitation. 
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2. The pump of claim 1, wherein the ascending 
ramp of the excitation voltage lasts about 1 
ms. 

3. The pump of any one of claims 1 or 2, wherein 5 
the descending ramps last at least 10 ms. 

4. The pump of any one of claims 1-3, wherein 
the descending ramp has a linear shape start- 
ing from the end of a holding phase 22 during 10 
which the voltage is kept at a maximum level, 

until the beginning of the next following as- 
cending ramp 19. 

5. The pump of any one of claims 1-3, wherein 75 
the descending ramp is linear and shorter than 

the time period between the end 24 of the 
holding phase 22 and the beginning 23 of the 
next following ascending ramp. 

20 

6. The pump of any one of claims 1-3, wherein 
the descending ramp 25' follows an exponen- 
tial curve. 

7. The pump of any one of claims 1-6, wherein 25 
the maximum excitation voltage is between 

100 V and 150 V. 

8. A method of operating a micropump having a 
pump chamber which is closed by a pump 30 
membrane, which membrane is driven by a 
piezoelectric microactuator, comprising the fol- 
lowing steps: 

- providing a micropump and a control- 
lable voltage source; 35 

- applying voltage from said voltage 
source to said piezoelectric microactua- 
tor, whereby said applied voltage com- 
prises alternating rapidly ascending 
ramps and slower descending ramps, 40 
such as to; 

- rapidly decreasing the volume of said 
pump chamber in response to said rap- 
idly ascending ramps; and 

- sufficiently slowly increasing the volume 45 
of said pump chamber in response to 

said slowly descending ramps in order to 
avoid microcavitation. 

9. The method of claim 8 wherein the ascending 50 
ramps last about 1 ms and the descending 
ramps last about 10 to 100 ms. 
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© Micropump avoiding microcavitation. 



© A micropump (1) which is reciprocatingly driven 
by a membrane (18) into subsequent outwards and 
inwards bulging movements, in response to the ap- 
plication of an excitation voltage to a piezoelectric 
microactuator 9. The application of the excitation 
voltage follows a wave form which includes rapidly 



ascending ramps which produce rapid decrease of 
the volume of the pump chamber, and slowly de- 
scending ramps which produce sufficiently moderate 
rates of increase of the volume of the pump cham- 
ber in order to avoid microcavitation. 
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